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EPOSISISaAl 



FIELD OF THE INVENTION 

Th« pTMtnt invention relatM to diattareotalactiva procesMt for preparing optically active ds-nucteosidea 
and nudooaida analoguaa and dadvativea. The novel pnx:6aaea of thla invention allow the atarao-controtled 
5 synthesis of a given anantlomar of a deaired cls-nijcleoaide or nucleoside analogue or dertvative In high optical 
purity. This invention alao relates to novel intannediataa uaefiil in the procaaaea of thia Invention. 

BACKGROUND OF THE INVENTION 

10 Nudeosidea and their anatcguea and derivativea are an important daaa of therapeutic agents. For exam- 
ple, a number of nudeosktos have shown antiviral activity against retrovirusea such aa human immunodefW 
ciency virus (HIV), hepatitia B viwa (HBV) and human T-Iymphotpopic vinja (HTLV) (POT publication WO 
89/04662,and European Patent publication 0349242 A2). Among tiie nudaoaidea shown to have antiviral ac- 
tivity are 3'-azido-3'-deo)cythymidlne (AZT) and 2'3'-dideoxycytidlne (DOC). 

15 Most nudeosidea and nucleoaide analoguea and derivatives contain at least two chlral centers (shown aa 
• in formula (A)), and exist in the fonii of two paire of optical taomere (l.e., two in the c»-configuration and two 
In the frana- configuration). However, generally only the da-iaomere exhibit uaeftjl bidogical activity. 
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Different enantiomeric forma of the same cie-nudeoaide way, however, have very different antiviral activitiea. 
M.M. Manauri at al.. "Preparation of The Geometric laomere Of DDC, DOA, D4C and 04T Aa Potential Anti- 
HIV Agenta', Bioocq.Med.Chem. Lett. 1 (1 ), pp. 68-68 (1 991). Therefore, a general and economically attractive 
stereoselective syntiiesis of the enantiomere of tiie biologically active cia-nucleoaidee ie an important goal. 

30 Many of the known procesaea for producing optically active nudeoaldaa and their analoguea and derlva- 
trvaa modify naturaHy occurring (i.e.. optically active) nudaoaidea by altering tiie base or by altering me sugar 
via reductive procedures such aa deoxygenation or radical initiated reductions C.K. Chu et al., 'Genemt Syn- 
theaia Of 2'.3'-Dideoxynuclecaidea And 2'.3'-Dldehydro-2'.3'-Dideoxynucleo8idea,* J.Org.Chem.. 54. pp. 
2217-2225 (1989). Theae tranafonmationa involve multiple steps, including prelection and deprotection and 

35 uaually reault in low yielda. Moreover, tiiey begin with and maintain tiie optical a rtMty d tiie starting nudeoeide. 
Thua. the nudeoaidea produced by these processes are limited to apedfte anaJoguea of ttie enantiomeric form 
of the naturally occurring nudeoeide. In addition, tiieae proceduree require the availabifty of ttie naturally oo- 
ccning nudeoeide, often an expenaive starting material. 

ttther loiown proceeaea for producing optically active nudeosides rely on conventional glycoaylation pro- 

40 cedures to add the sugar to tiw baae. Theae proceduree invariably give anomeric mbtturea of c*a-and fran> 
Isomers which require tedioua separation and reault in lower yielda of tiie deaired biologically active cia-nu- 
deoaide. Invwed gjyooeylation metiwde designed to yield only ttie cis-nudeoeide require addition of a 2*- or 
3'-substituent to tite augar. Becauae the or 3'-subatituent ia only useftd in controlling da-nudeoside syn- 
thesis in one configuration (when tiie 2' or 3* aubatftuent is frana-to tiie 4' substituent). multiplA stepe are re- 

45 quired to introduce ttiia aubatituent in tite proper configuration. The or 3'.substituent must then be removed 
after glycoaylation, requiring additional stepe. L Wflson and D. Liotta "A General Mettwd For Controlling Star- 
eochemiatry In The Syntheala Of 2'-Deoxyribose Nudeosidea'. Tetrahedron Lett. 31, pp. 1815-1818 (1990). 
Furthermore, to obtain an optically pure nudeoeide product, the starting sugar muat be optically pure. Thia also 
requires a seriea of time-consuming syntiieaee and purification stape. 

50 

SUMMARY OF THE INVENTION 

The present invention overcomes tiie difnculties and shortcomings of tiie prior ait and providea processes 
for producing optically active ci^s-nudeotidea and nudeoslde analogues and derivativea of fonnula (I) 
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R,OCH, 

' ' ~ (I) 



wherein W is O, S. S«0. SOj. NZ, or CH2; 

X is 0. S. S=0, SOa, NZ. CHa CHF. CH. CHN,. or CHOH; 
Y is 0. S, CHi, CK CHF, or CHOH; 
10 Z is hydrogen, hydroxyl, alkyi or acyl. 

is hydrogen or acyl; and 
Rj is a purine or pyrimidine base or an analogue or derivative thereof; 
provided that when Y is CHj and X Is 0, 3, S«0 or SO2, W is not O, S, S-0 or SOj, 

The processes of this invention comprise the step of glycosylating a desired purine or pyrimidine base or 
IS analogue or derivative thereof with a single enantiomer of the compound of formula (II) 



(11) 



wherein Rs Is a substituted carbonyl or carbonyl derivative and L is a leaving group. Glycosylation is acconrv 
pliahed using a Lewis add of the fomiula (III) 

1' 

R5 - Si - (III) 



wherein R«, R«, R7, and R« are defined below and the resulting intermediate is reduced to give ii nudeoside or 
nudeoside analogue or derivative of formula (I). 

35 The processes of this invention have tha advantages of allowing preparation of a nudeoside of formula (I) 
(or analogues or derivatives tttereof) without using expensive starting materials, cumbersonrw protection and 
deprotection steps or addition and rerrtoval (rf 2*- or 3'-8ubstituenta. The processes of this Invention produce 
nudMsides in high yields, with high purity and high optical spedfWty, The proceaeae of tills invention have 
the fti^r advantage of generating nudeosides whose stersoisomeric configuration can be easiy controlled 

40 simply by tha selection of ttia appropriate starting materials. 

DETAILED DESCRIPTION OF THE INVENTION 

In ttie processes for preparing optically active compounds of this Invention in a configurational- and dia- 
45 stereo-selective manner, the following definitions ars used: 

R2 is a purine or pyrimidine base or an analogue or derivative thereof. 
A purine or pyrimidine base is a purine or pyrimidine base found in naturally occurring nudeosides. An ana- 
logue ttiereof Is a base which mimics such naturally occurring bases in that ttielr atiuctures (ttte Idnds of atoms 
and their »rangement) are simlar to the naturally occurring basea but may either possess additional or lack 
so certain of tiie functional properties of the naturally occurring bases. Such analogues Induda those derived by 
replacement of a CH moiety by a nitrogen atom, e.g., S-azapyrimidines such as S-azacytneine) or vice versa 
(e.g., 7-deazapurines, such as T-deazaadenine or 7-deazaguanine) or botii (e,g., 7-deaza, S-azapurines). By 
derivatives of such bases or analogues are meant those bases wherein ring substituents ars either incorpo- 
rated, removed, or modified by conventional substituents known in the art a.g., halogen, hydroxyl, amino. 
55 alkyl. Such purine or pyrimidine bases, analogues and derivatives are welt known to those sklled In the 

art 

A "nudeoside analogue or derivative" is a nudeosWe whtah has bean modJfled In any of the following or 
combinations of the foflowing ways: base modifications, such as addition of a substituent (e.g., S-fluorocytosine) 
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or replacamant d one group by an isostsric group (o.g., r-daazaadanina); sugar modiflcatlona, such as sub- 
stitution of tha C-2 and C-3 hydroxyl groupa by any aubatituant including hydrogan (a.g., 2'.3'-dideaxynudao- 
sidaa), raplacamant of any ring CH group or tha ring oxygan with a hataroatonn; altaratlon of tha sita of attach- 
mant of tha sugar to tha boaa (a.g., pyrtmidlna basas usually attached to tha sugar at tha N-1 sita may be, for 
5 exampia, attached at the N-3 or C-d sita and purines usually attached at the M-9 sita may be, for axample, 
attached at N-7); altaratk)n of tha sita of attachment of the base to the sugar (e.g., the base may be attached 
to the sugar at C-2, such as tso-ODA); or alteration of configuration of the sugar-base I inkage <e.g., ds or trans 
configurations). 

R,is actfbonyl substituted with hydrogen, hydroxy!, trialkyiaiyl. trialkytsitoxy. Ci^alkyl. Cr^aralkyl, 
10 alkoxy. Ci-m amine (prinrwry. secondary or tertiary). Ci^ thiol; aryi; Ci-» alkenyl; C1-20 alkynyl; 1 .2-di- 
cartxmyl. such as 

0 O 

1 B 

19 CH3-C-C- 



20 
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substituted with Ci^ alkyi or C^zt aryl; anyhdrldea such as 



0 O 
II I 



CH3-C-O-C- 



substituted with alkyI or C0.20 aryl; azomethina subatitutBd at nitrogen wHh hydrogen, aikyt or C1.10 
alkoxy or Ci.to dlalkylamlno or at carbon with hydrogen. 0,-39 alkyi. or Ci.» alkoxy; thtocartwnyl (C=S) substJ- 
tutad with hydroxy!, C1.20 alkoxy, or thiol; a homdogua of carfoonyl, e.g.. 



a homdogueof thiocartHxiyt. e.g.. 

\ 

or a honfwtogue of azomethlne, such aa 



0 
I 

-CCHj-; 



3 

1 

-CCHj-; 



-CCH^-. 



The preferred substituted cartwnyl/carbonyl derivat^as are alkoxycarbonyls, such aa methyl, ethyl, iao- 
propyi, t-butyl and menthyl; cartxwyls; diethyl-cartooxamlde: pyrrdWIne amkte; methyl ketone and phenyl ke- 
tone. The more preferred substituted carbonyl/cart>onyl derivatives are esteis and carboxyls and the most pre- 
ferred are esters. 

R4 is a chirel auxiliary. Tha tanm •chiral auxiliary" describes asymmetrte mdecules that are used to effect 
the chemical resdution of a racemte mixture. Such chlral auxillartes may possess one chiral center such as 
methylbenrytamine or several chiral centers such as menthd. The purpose d the chiral auxiliary, once built 
into the starting materia, is to allow simple separation of the resulting diastereomeric mixture. See. for example. 
J. Jacques et al.. Enantiomers. Racemates And Resdutions. pp. 251-369. John Wiley & Sons, ^4ew York 
(1981). 
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Rs, Re and R7 are tndapandantly seiectad from ttia group oonaistlng of hydrogan. Ci.ao alkyi (a.g., mathyt. 
athyf , t-buty<). optionally substitutad by haJogana (F, CI, Br. t), alkoxy (a.g., mathoxy) or C^^a arytoxy (a.g., 
phanoxy); Cf^^mik^ (a.g.. banzyl). optionally subatitutad by halogan, C^.^ alkyt or C1.20 alkoxy (a.g., ^no^ 
thoxybanzyf); c«^afyf (a.g., phanyt), optionally subatitutad by halogana, Ct.»allcyl or Ci_2o alkoxy; trialkylailyl; 
* halogana (F, CI, Br, I). 

R9 ia aetactad from tha group conatating of hak}gan (F. Q, Br, I); Cvjo sulphonata eatara, opttonally sut>- 
stituted by halogana (a.g., trifluoromathana sulphonata); Ci^jo atkyt aatara, optionally subatitutad by halogan 
(a.g., triftuoroacatata); pdyvalant halldaa (a.g., trjk>dida); triaubatitutad silyf groupa of tha ganaral formula 
(f^(R«)(R7)SI (wtierain Re. R«. and R7 ara aa deflnad abova); saturatad or unaaturatad salananyt Ce^^o aryl; 
subatitutad or unaubatHutad Co^ao aiylaulfenyt; subatitutad or unaubatitutad Cux alkoxyalkyi; and trialkylsloxy. 

L ia a laaving group*, i.a., an atom or a group which ia diaplacaabia upon raactton with an approprlata purina 
or pyrimidlna baaa, with or without tha praaonca of a Lawia acid. Sulabia laaving groupa induda acyf oxy groupa. 
alkoxy groupa, a.g.. alkoxy carbonyl groupa such aa athoxy carbonyl; haiogena such aa k)dlna. bron^na. chtor- 
ina. or fluorina; amide; azido; iaocyanato; aubatibjtad or unaubatitutad, saturatad or unaaturatad thtoiataa, such 
aa thkxnathyt or thtophanyl; subatitutad or unaubatitutad. saturated or unaaturatad aalano. salaninyl, or sala- 
nonyl compounda. such aa phanyt salanida or alcyt salanida. 

A suitabia laaving group may also be -OR, whara R la a substitutad or unaubatitutad. saturatad or unaatu- 
ratad alkyi group, a.g.. Ci^ alkyi or alkanyl group; a subatitutad or unaubatitutad aliphatic or aromatic acyl group, 
20 a.g., a Ci^ aliphatic acyl group such aa acetyl and a substituted or unaubatitutad aromatic acyl group such aa 
benzoyl; a subatitutad or unsub^ltuted, saturated or unsaturated alkoxy or aryloxy cartx)nyl group, such aa me- 
thyl carbonate and phenyl cart>onata; subatitutad or unaubatHutad aulphonyl imUazolkto; aubatituted or unaut>- 
stitutad aliphatk: or aromatic amino carbonyl group, such aa phenyl carbamate; substituted or unaubatitutad 
alkyi imkjiate group such aa trichloroacetamidata; subatitutad or unaubatitutad, saturated or unaaturatad phoa- 
25 phonata, such aa diatiiylphoaphonate; aubatiuted or unaubatitutad aliphatic or aromatic aulphinyl or adphonyl 
group, such aa tosylate; or hydrogen. 

Aa uaed in thia applk»tion. the tenm *alkyl* repraaenta a aubatituted (by a halogen, hydroxy! or Ce.ao aryl) 
J- or unaubatitutad atraight chain, branched chain, or cyclic hydrocarbon moiety having 1 to 30 carbon stoma and 
J^ preferably, from 1 to 6 carbon atoma. 

30 The tanma 'alkenyl* and "alkynyl" repreaent aubatituted (by a halogen, hydroxyt or C^^ aryl) or unsubsti- 
tuted straight, branched or cydic hydrocarbon chaina having 1 to 20 carbon atoma and preferably from 1 to 5 
cartton atoma and containing at laaat one unaaturatad group (e.g.. aliyi). 

Tha term "alkoxy" rapreaanta a aubatituted or unsubstituted atkyi group containing from 1 to 30 carbon 
atoma and preferably ftotn 1 to 8 carbon atoma, wherein the attcyl group ia oovalentiy bonded to an adjacent 
3S element through an oxygen atom <e.g.. methoxy and ethoxy). 

The tenm 'amine" represents alkyI, aryl, alkenyl, alkynyl, or aralkyi groupa containing from 1 to 30 carbon 
atoma and preferably 1 to 12 carbon atoma, covaiently bonded to an adjacent alenwnt through a nitrogen atom 
(e.^.,tpyrTOlkline). They indude primary, secondary and tertiary aminea and quaternary ammonium salts. 

Tte tennri "thiol" repreaenta alkyl. aryl, aralkyi. alkenyl or alkynyl groupa containing from 1 to 30 carboh 
40 atomaand preferably from Ito 6 carbon atoma, covaiently bonded to an adjacent element through a sutfUr atom 
(e.g., thkxnethyl). 

The term "ayl" repreaenta a carbocydic moiety which may be substituted by at laaat one heteroatom (e.g.. 
N. O, or S) and containing at leaat one benzenoki-type ring and preferably containing from 6 to 1 5 carbon atoma 
(e.g., phenyl and naphthyl). 
4S The tennrt "aralkyi" represanta an aryl group attached to ttia adjacent atom by an alkyI (e.g.. benzyl). 

The term "alkoxyalkyi" repreaenta an alkoxy group attached to the adjacent group by an alkyI group (e.g., 
mathoxymethyl). 

The term "arykixy" repreaenta a aubatituted (by a halogen, trffluoromethyl or Ct-a alkoxy) or unaubatitutad 
aryl moiety covalentiy bonded through an oxygen atom (e.g.. phenoxy). 

so The term 'acyl' refers to a radical derived from a carboxyllc add, substituted (by a halogen (F. CI, Br, I), 
C«.2o aryl or Ci^ alkyI) or unsubstituted, by replacenmit of the -OH group. Like the add to whteh it ia related, 
an acyl radical may be aliphatic or mnratic subatitutad (by a halogen. C,-a alkoxyalkyi. nitre or O2) or unsub- 
stituted. and whatever the stmcture of tha rest of the molecule may be. the propertiea of the functional group 
remain essentially the same (e.g.. acetyl, propkHiyl, isobutanoyi, phraloyi, hexanoyl. triftuoroacetyl. chloroace- 

^ tyl. and cydohexanoyl). 

A key feature of the processes of this Invention is the use of a substituted carbonyl or carbonyl derivative 
aa R3 instead of a protected hydroxymathyl group aa previously daacribed in the art Surpriaingly, ttia aubatituted 
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caftx)ny1 or cartwnyl darlvattve is not cleaved by exposure to a Lewis add, as would have been expected by 
one of skill In the art when a Lewis add dt formula (III) is added to a nnixture of aiytatad purine or pyrimidlne 
base and the sugar compound of fomwla (II). Instead, the substituted cart>onyl/cart>onyi derivative in the inter- 
mediate of formula (VI) fbroes the purine or pyrimidine base (Rj) to add in the dis-conflguratton relative to the 
5 substituted cart>onyl/cart)onyi derivative group. Without a subetitutad carbonyl or carbonyl derivative attached 
to 04' (for example, when a hydroxymethyl group is instead used), the coupling procedures described in Step 
4 betow will result in a mixture of c/s- and (rans-tsomers. 

Another key feature of the proceesee of thto invention le the choice of Lewis acid. The Lewis adds used 
in the preparation of compounds of fom^ula (I) have the general formula (III) 



IB 




wherein R«, R«, Rr and Ra are as defined previously. These Lewis acids may be generated In situ or prepared 
using sny method Imown In the art (e.g., A.H. Schmidt, 'Bromotrinnethylsilane and lodotrtmethyisilane-Versatile 
20 Reagents fbr Organic Synthesis'. Aldrlchfcfnica Acta, 14, pp. 31-38 (1981). The prsltefed Lewis adda of this 
invention are iodotrbnethyisilane and trimethylslyl triflate. The preferred R^, Re and R7 groups are methyl or 
iodine. The moet preferred Rs. R« and R7 group is methyt. The prsfsnred Ra groups are iodine, chlorine, bromine 
or sulphonate eaters. The nr>06t preferred R« groups are iodine and trifluoromethane sulphonate. 
In the preferred process of this invention, da- and tmns-ieomers of a sugar of fonnula (II) 




(II) 



are separated by fractional crystallization and the deeired configurational ieomer selected. The selected ds- 
or the trane-isomer may then be chemically resdved using a chiral auxiliary. The pure chiral auxilary-sugar 
diastereomer is then coupled to a siyiated purine or pyrlmidine base in the presence of a Lewia acid to afford 
35 an opticaity active nudeoside of c'ts- configuration which is subsequently reduced to give a nudeoside of for- 
mula (I). 

Schemee 1 A and 1 B depict thie preferred proceea as applisd to any nudeoside of fonnula (I). 

« V 
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STEP2 



T (CIS) * '^•V' 



20 

(*)aURAL AUXILIARY/ \ (OCHIRAL AUXILIARY 

25 



35 



I J STCP4 I 
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The various steps as illustrated in Schemes 1 A and 1 8 may be bdefly described as folows; 
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Step 1: The starting cafbonyl-sugar of formula (IV) can be preparad by any method known in the art 
E.g.. Farina and Benigni, 'A New Synthesis Of 2.3'-Oldeoxy-nudeo8ides For Aids ChenDotherapy', Tetrahedron 
Letters, 29, pp. 1239-1242 (1988) and M. OkatM at al. "Synthesis Of The Oideoxynudeoatdes ddC and CNT 
From Glutamic Add. RIbonolactone and Pyrimidine Baaes*. J, Org. Chem. . 53, pp. 478(M786 (1988). The caN 

5 bony! group of this starting compound is reduced chemoselectively with a suitable redudng agent, such as dis- 
iamylborane to give the c/s- and (rane-isomers of formula (V). Ordinarily, less cra-isomer is produced than trans. 

Step 2: The hydroxy! group in the intenmediate of formula (V) ia readiy converted to a leaving group by 
any method known in the art (e.g., T.W. Greene Protective Groups In Organic Svnthesis. pp. 50-72. John Wiley 
& Sons, New York (1981)) to gh^e the novel intenmedtates of formula (11). 

10 Thia anomeric mixture is then separated by firactksnal crystallization into the two configuratk)nal isomers. 
The solvent may be adjuated to select for either the c/a- or tran^-iaomer. D J. Pasto and C.R. Johnson, Organic 
Structure Detanmlnatton. pp. 7-10. Prenttoe-Hall. Inc.. New Jersey (1989). 

Step 3: Either the as- (Scheme 1A) or ^na-iaomer (Scheme 1 B) of formula (II) ta chemically readved using 
a chiral auxiliary (R4). A suitable chiral auxiliary is one of high optical purity and where the mirror image ia readily 

15 available, such as d-and l-menthd. The resulting diastereomers of formula (VI) are eaaily separated by frac- 
tional crystdl tzatton. Alternatively, either the cia- or the trana-teomer may be reeolved enzymaticalty or by other 
mathoda known in the art J. Jacquea at al.. Enanttomera. Racerrwtes And Resokittons . pp. 251-369. John Wley 
ASona, New York (1981). 

The optical purity of the diaatereomer (VI. VD or I) can be detennlned by chM HPLC methoda, specific 
20 rotation measurementa and NMR technk^uee. If the oppoaita enantfomer is desired, it may be obtained by using 
the mirror image of the chiral auxiliary Initially empfoyed. For example, if the chM auxilary d-menthd produces 
a (*»>)-enantiomer nudeoakle, ita mirror inrage. l-menthd, wil produce the (-)-enantiomer. 

Step 4: A prevnusly silylated (or silylatBd in situ) purine or pyrvntdine base or anatogue or derivative thereof 
is then glycosylated with the raaulting pure diaatereomer in the prssence of a Lewie ackl of formula (lit), such 
25 as iodotrimethylailane (TMSI) or trimethylailyl trtflate (TMSOTf), to give a nudeoakie of cIs-conflguratkMi of foi^ 
mule (Vtl), This nudeosMe is optically active and ia substantially firae of the corresponding tnana-lsomer (i.e., 
it containa no mora than 25%, preferably no more than 10% and more preferably no more than 5% of ttie frana- 
tsomer). Coupling of tiie intermediate of fomnula (VI) to the purine or pyrimidine baae in thie step proceeds in 
higher yields with the cra-isomer. 
30 The preferred sUylating agent fbr pyrimMine baaea ia t-butytdknettiytelyl triflata It is believed tiiat tiie bulky 
t-butyi group increases yields by weakening the interaction between tiie t^wia add and silylated pyrimidine 
baae. 

The prefeffed mettiod of mbcing reagents in Step 4 is to first add ttie chiral auxillary-sugar of formula (VI) 
to tiie silylated purine or pyrimidine baaa The l^a add of formula (III) ia ttien added to tiie mixture. 
33 Step 5: The c/a-nudeoside obtained in Step 4 may then be reduced witii an appropriate redudng agent to 
remove ttie chiral auxdiary and give a.speciflc stereoisomer of fomwla (I). The absolute configuration of ttiie 
stereoisomer corresponds to tiiat of ttie nudeoeide intermediate of formula (VII). Aa shown in Scheme 1 . eitiier 
the da- (Scheme 1 A) or ttie frana-ieomers (Scheme 1 B) obtained in Step 2 wil yield a ds end product 

;^cond proceaa for ttie diaatereoaelective synttieais(^ compounds of formula (I) ia yiuatratad by Scheme 
40 2. ThJprocess of Scheme 2 ie ueefol when optically pure starting material may be readily obtained commercially 
or easily prepared by known mettioda. 

The optically active atarting material ia chemoedectivdy reduced and ttie resulting hydroxyl group con- 
verted to a leaving group. The dlastareomeric mixture may be carried on further to compounde of formula (I) 
in a manner analogoua to ttiat deecribed in Scheme 1 . Optionally, the dlastareomeric mixture may be separated 
45 by fractional cryatallzation and each isdated optically active diaatereomer may be carried on further to com- 
pounde of fomiula (I). 

Scheme 2 depicts the second process of ttiis invention aa applied to any nudeoside. 
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The various staps involved in the synthesis of the nucleosides of fonnula (I) as depicted in Scheme 2 may 
t>e bri^ described as fblows: 

Step 1: The sttvting material of fomwia (IV) may be obtained commercially in optically pure fdrm or pre- 
pared according to the procedures of Farina and Benigni. "A New Synthesis Of 2,3'-Oideoxy-nucieosides For 
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Aids Chanwthsrapy", Tetrahedron Lettfs. 29. pp. 1239-1242 (1988) and M. Okaba at at. •Synthatia Of The 
OidaoxynudeoaideeddC and CNT From Glutamic Add, Ritwnolactone and Pyrimidine Basea*. J. Org. Cham. . 
53. pp. 4780-4788 (1988). TTie aingla Isomer of fomtula (IV) ta chemoaelectlvely reduced by a suitable reducing 
agent such aa dMamylborane to give a mixture of two diaatereomera of fbmtula (V). 

Step Z The hydroxyf groupe of the two diaatereomera of fomfiuta (V) are converted to leaving groupa by 
any method known In the art to give a mixture of two diaatereomera of fomnjia (II). 

Step 3: The diastereomeric mixture of fonmula (11) ia reacted with prevloualy silylated (or stiytatad in situ) 
purine or pyrimidine base or analogue or derivatNe. Then. additk>n of a Lewie add of formula (HI), such aa io- 
dotrimethytsilane (TMSi) or tr^ethylsiyl triflate (TMSOTf) yields a nudeoaide of cis-conflguratksn of formula 
(VIII). Thia nudeoskle is substantially free of the corresponding tran»-isomer. 

Step 4: The optically active ciEs-nudeoalde of formula (Vtll) la raduced ateraoepedftcally with a redudng 
agent preferably lithium triethylborohydride or lithium aluminum hydride and more preferably sodium borohydr- 
ide in an appropriate solvent such aa tetrahydrofuran or diethyl ether to give the compound d fomnula (I). 

Aitematively, at the end of Step 2. either the d»or the frane-laomer may be separated out of the diaater- 
eomerte mixture of fdmnula (II) by fractionai crystallizatton or chromatography. The soh^ent may be adjusted to 
select for either the dSs- or the trana-isomer. The sin^f e diaatereomer of formula (If) would then be carried for- 
ward as described in Stepe 3 and 4 to a compound of formula (I). 

Schemes 3, 4 and 5 ilustrate the appllcatk>n of the proceaa of Schema 2 to the ayntheaia of the enantfomers 
of c^-dideoxynudeoaide anaioguea. 

Although the procaaa la iiluatratad using specific rsagenta and starting materiala. tt wil be appreciated by 
one of skill in the art that auitable analogoua reactants and starting materiale may be uaed to prepare anatogoua 
compounda. 
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SCHEME 3 




The various stapa illustrated In Scheme 3 may be brtefty described as follows; 
Step 1: The starting material (2R)-5-oxo-2-tetrahydroftjran cartcxylic ackl (IX) is available from com- 
mercial sources or by synthesis from D-glutamic acid M. Okabe et at. •Synthesis Of The Oideoxynudeosides 
ddC and CNT From Glutamic Add. Ribono-lactone and Pyhmidine Bases*. J. Pro. Cham.. 53, pp. 4780-4786 
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(1 988). The starting materfai la eatarifiad with an alcohol audi aa athanol in the praaanca of an acylating agant 
such aa oxaiyi chloride and an eatariflcation catatyat such aa 4-dimethylamino*pyrimidlna and a baae such aa 
pyridlna in a cofnpatiUa solvant such aa dichloromathana. The aatarrfiad compound ta reduced with an appro- 
priate reducing agent auch aa diaiamylborane in a compatible organic solvent such aa tetrahydroftiran (A. Pal- 
tar at d.. "Borane Reagents'. Academic Prasa. p. 426 (1968)). to ghre the compounda of formula (X). 

Step Z The oompcunde of fonrmla (X) ia reacted with an acid chloride or acid anhydride, such aa acetic 
anhydride, in the preaence of pyridine and an acylation catalyst, such aa 4-dimethy1aminopyrimidine, to give 
the compounda of fonrujla (XI). 

Step 3: The mixture of dis- and tra/ra-acetoxy compound of formula (XI) la reacted with 5-(luorocytoatne or 
other pyrimidlne baae or analogue thereof. The purine or pyrimidine baae or analogue ie preferably stiated with 
haxamethyldiailazana or more preferably sHylated in situ with t-butyld(methylsiyl triflate in a compatible organic 
solvent such as dichloromethene containing a hindered baae, prefsrably 2,4,6-collidlne. 

A Lewie acid, preferably one derived from the compounda of tbrmula (111), more preferably lodotrimethylak 
lane or trimethyl-ailyl triflate. ia then added to give the de compound of fomnia (XII) in a highly diaateraoae- 
lective manner. 

Step 5: The optically active da-nudeoaide (with some trarve- isomer) of formula (XII) ia reduced stereospe- 
cificaiy with a redudng agent, preferably sodium borohydride in an appropriate solvent such as ethanol to give, 
after purification, tiie compound of formula (Xill). 

It will be appredated by one of skill in the art that if the enantiomer of fbnmuta (XIII) is deaired, the starting 
material of formula (IX) would be (2S)-5-oxo-2-tetrahydrofuran carboxylic acid (Scheme 4) and tire prooeaa 
would proceed Juat aa described for Scheme 3. 



t 
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The vafteus steps Wuatrated In Scheme 5 may be briefly described as follows: 
Step 1: The starting material (2R)-5-oxo-2-tetrahydroftjran cartjoxyiic add (IX) is esterifled with an ai- 
cohol such as ethanol in the presence of an acylating agent such as oxalyl cWorids and an esteriflcation catalyst 
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such as 4-dlfT>atfiylafnino>pyHdlinin6 and a baae such aa pyridine in a compatible solvent such aa dlchlorome- 
thane. The esterffied compound ia reduced with an appropriate reducing agent such aa d]aiamylt)orane in a 
compatit)le organic aolvent such aa tetrahydroruran to give the compounde of fbrmtia (X). 

Step 2 The compounde of fbrmuie (X) la reacted with an add cNoride or acid anhydride, such aa acetic 
anhydride. In the pc ea ence of pyridine and an acytatlon catalyst such aa 4-dlmethy1amlnopyr1midlne. to give 
the compounds of fbrnmla (XI). 

Step 3: The mixture of cis- and trane-acetoxy compound of fonrtuta (XI) is reacted with N-acetyl cytosine 
or other pyrlmldlne base or analogue thereof. The purine or pyrlmldlne baae or analogue la preferably siatad 
with hexamethytdistlazane or mora preferably silyiated in situ with trlmethylsHyl tnflate in a compatibie organic 
solvent such aa dichloromethane containing a hindered base, preferably 2.4,6-ooltidlne. 

A Lewis acid, preferably one derived from the compounda of fomfiula (III), more preferably icdotrimethylsl- 
lane, is then added to give da nudeoside in a highly diastereoaelecttve manner. The pure da- nudeoaide ia 
obtained by trituration with an appropriate sutvent such aa ethyl acetate and hexanee. 

The N-acatyl group la hydrotyzed preferably u nder ackllc condltiona and mora preferably with trffluoroacatlc 
add in a compile organic solvent such as isopropand, preferably under reflux, to give the deacylated conv 
pounds of fomiula (XIV). 

Step 4: The optically active ds-nudeoside of formula (XIV) Is reduced stereoepe c ificaHy with a redudng 
agent preferably sodium txxohydride in an appropriate solvent such as ethand to give the oompound of for- 
mula (XV). 

In the diastereoselective processes of this invention, the feflowlng intennediatee are of particular impor- 
tance: 



(ti) 



(VI) 




(VII) 



(VIII) 

X Y 



wherein R3. R4 and L are aa defined above; 

OS and l/BrT>2R-^»rboethoxy-5-hydroxytetrahydrofuran; 
as and trsns-2S-carboethoxy-5-hydroxytetrahydrofuran; 
cis and tr8na-2R-carboethoxy-5-ace(oxytetrahydrQfuran; 
cis and trans-2S-carboethoxy-5-acetoxytetrahydrofuran: 
1 'S-(l^acetyicytosin-1 -y1>4'R-carboethoxytetrahydrofuran; 
1 'S-(cytoaln-1-y1)-4'R-carboethoxytBtrahydrahjrBn; 

1'R-(5-fluofocytosin-1-yl)-4'S-carboethoxytetrahydrcfuran and VS^5-fluorocytosin-1-yiH'S-carboe- 

thoxytetrahydrofuran; and 

VS.(5-(Iuorocytosin.1-yi)-4'R-carboethQxytBtrahydrcfuran and 1'R^5-fluorocytosin-1-yiH'R-<»t)oe. 

thoxytebahydrofuran. 
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The following «xannplM illuatrate the present invention in a manner of which it can t)e practiced but at 
such, should not be oonetnied as limitationa upon the overall scope of the processes of this invention. Except 
where spedflcaily noted, all (a]o measurements were recorded at ambient temperature. 

Example 1 

R-CARBOETHOXY-S-OXO-TETRAHYDROFURAN 



To a cold (0**C) stirred solution of 5-oxo-2R-tetrahydrofurancarboxylic ackJ (3 g, 23 mmol), 4-dimethylam^ 
nopyrtdlne (141 mg, 0.05 equivalents), and pyridine (3.92 mU 2.1 equh^enta) In dichloromethane (15 mL) un- 
der an argon atmosphere wae added oxalyl chloride (2.1 1 mU 1 .05 equivalents) over a period of 30 minutes. 
The coolf ng bath was removed and the reaction mixture was stirred at room temperature for 1 0 minutee. Ethand 
(2.0 mU 1.5 equivalents) was introduced and stirring was continued for another 1 hour40 minutes. The reaction 
mixture wae diuted with water and dichloromethane, followed by stirring for 10 minutee. The reeuitant mixture 
was transferred to a separatory funnel. The aqueous phase was removed and the organic layer wae waahed 
with 1 M HO, saturated NaHCO,. brine, and then was dried (Ne3S04). The solvent was evaporated under re- 
duced pressure and the crude prtxiuct thue obtained was subjected to column chromatography (1:1 EtOAo- 
Hexane) to afford 3.23 g of the desired product as a syrup. NMR (COCIj):* 1 .28 (t 3H. J»7.1 Hz). Z20-2.40 
(m. 1 H). 4.23 (d of q 2H. J=0.9. 7.1 Hi), 4.86-4.96 (m 1H). 

Example 2 

C/S AND rRAN5-2R-CARBOETHOXY>5-HYDROXYTETRAHYDROFURAN 



A solution of dislamylborane was prspared by mbctng 35 mL of BHj THF (1 M In THF) and 35 mLof 2-methy1- 
2-butene (2 M in THF) at 0*0 followed by stirring at 0»C for 75 minutes. To this solution was Introduced 2R- 
carboettioxy-5-oxotetrahydroforan dissolved In THF (8 mL). The resultant mbrturs waa allowed to warm slowly 
to rom temperature over a period of 2.5 hours and then wae stirred for another 1 5 hours. Satur^ ammonium 
chloriSe solution was a^ed, followed by dilution witti EtOAc. The above mfadure was stirred for 10 minutee 
and then waa transferred to a separatory fonnel. The organic phase was washed successhrely with saturated 
NH4a, brine, and ttien waa dried (NajSO*). The solvent waa removed on a rotary evaporator and the crude 
product obtained was purified by column chromatography (40% EtOAc-Hexanes). The desired products were 
isolated in 70% yield (2.05 g) ee a 2:3 mfarture of isomer epimeric at C5. Trace amount of the open form isomer 
was also detected (^H NMR). The titie compounds displayed the following spectral characteristics: 'H NMR 
(CDOa): 5 1.28 (t. 2H, J-7.1 Hz), 1.30 (t, 1H. Ja7.1 Hz), 1.85.2.70 (m, 4H). 2.59 (d, 0.33H, Ja6.5 Hz), 2.88 (d, 
0.67H, J-3.1 Hz). 4.15^.66 (m, 2H), 4.57 (d of d, 0.33H, J=6.4, 8.3 Hz). 4.70 (d of d, 0.67H, J=4.1, 8.7 Hz), 
5.59 (m. 0.33H), 5,74 (m. 0.87H). 

Examples 

C/S AND rRAA/S-2R-CARBOETHOXY-5-ACETOXYTETRAHYDROFURAN 
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To a cold {-7S^C) stirred solution of a 2:3 mixtura of da and ^ran6-2R-carfoo«thoxy-5- 
hydroxytetFahydrofuran (2.04 g, 12.75 mmol), pyridine (1.24mU 1.2equtvalent8), and4-d[methyaminopyr1dlne 
(1 6 mg, 0.01 aquivaient) in dichloronrtethane (20 mL) waa added acetyt chiodds (1 .09 mU 1.2 aquivalanta) over 
a period of 5 mlnutee. The reeultant mixture waa stirred for 10 minutee. The -78^C cooling bath waa then re- 

5 placed with an toe-water bath. Stirring waa continued for 4.5 houra whie the bath temperature waa alowed to 
warm slowly to room temperature. The reaction mixture waa diuted with dichloromethane arxi then waa trans- 
ferred to a separatory funnel. The organic layer waa washed successively with water. 1 M HO, saturated NaH- 
CO). brine and than waa dried (Na2S04}. The solvent was ramoved on a rotary evaporator and the crude product 
obtained was purified by column chromatography (40% EtOAc-Hexane) to provide 1.757 g of the title conv 

10 pounda (a 5:4 mixture) aa a thick oil. 'H NMR (COa,); 6 1 .28 (t, 1 .68H, J-7.1 Hz), 1 .29 (t. 1 .32H. J=7.1 Hz). 
1 .90-2.30 (m. 3H). 2.30-2.50 (m. 1H). 4.10-4.30 (m, 2H), 4.59 (t, 0.44H, J=aO Hz), 4.70 (d of d, 0.56H. J=3.2. 
8.9 Hz), 6.33 (d of d. 0.44H. J=1.1, 3.9 Hz). 8.46 (d, 0.56H, J=4.5 Hz). 

Example 4 

15 

rS-(N-4>ACETYLCYTOSIN-1-YL)*4'R-CARBOET>iOXYTETRAHYDROFURAN 



20 




25 

To a stirred suspension of N-4-acetylcyt08ine (50 mg. 0.298 mmd) \n dichloromethane (0.75 mL) oontairv 
Ing 2.8-1utidine (35 ^. 0.298 mnrwl) under an argon atmoaphere waa added trfmethylattyl trffluoromethaneeul- 
phonata (58 ^U 0.298 mmol). The resulting mixture waa stirred fbr 15 minutes to gh^ a tight suapenaion. A 
solution of a 5:4 mixture of d^and frane-2R-carboethoxy-5-aoetoxytetrahydnoftinn (50 mg, 0uM8 mmol) in d^ 
30 chloromethane (1 mL) and lodotrimethylalane (35 0.248 mmol) waa sequsntialty introduced into the above 
suspension to generate a homogeneoua solution. The reaction was allowed to proceed at room temperaUire 
fbr 1 hour and 40 minutea arvl then waa quenched with a half-saturated adutton of NazSjOj. The rsaulting mix- 
ture waa stirred fbr 5 minutea and then waa transferred to a separatory hjnnei with the aM of mora dichlorome- 
thane. The aqueous phaae waa removed and the organic layer was waahed with saturated NajSiOs, water, 

39 brine and then waa dried (NajSOA). The combined aqueoua waahinga were reextracted wfth dichloromethane. 
The organic extracts were combined and concentrated under reduced pressure to provide 83 mg of the crude 
product ^H NMR analysis of the crude product Indicated that a cIs and trans (4:1 ) mbduro of the expected nu- 
deosidee waa generated. The crude product waa disaoh/ed in a minimum amount of chlorofbrm. Addition of a 
3:7 f^Uture of EtOAo-hexanes into thia solution produced a white practpitate which waa collectad by auction 

40 filtrat^. Drying of thia solid under vacuum afforded 25 mg (32%) of the title compound. ^H NMR (CDCI3): b 
1 .33 (l, 3H. J-7,1 Hz), 1,90-2.08 (m, 1 H). 2.0S-2.30 (m. 1H), 2.23 (a, 3H), 4.20-4.40 (m, 2H), 4.84 (t. 1H. J-7.2 
Hz), 6.15 (d of d, 1H. J-4.0. 5.9 Hz), 7.48 (d. 1H, J»7.5 Hz). 8.34 (br a. 1H). 8.82 (d, 1H, J-7.5 Hz). 

The washing waa ooncentrated to give 58 mg of a and trans mbdure (5:2) of the title compound and its 
1' isomer. 

45 

Examples 

&-L-2'.3'-OIDEOXYCrnDINE 



so 



55 




A mixture of rS-(N-4-acetylcytosin-1-yi)-4'R-carboethoxytetrahydPoftjran (49 mg, 0.158 mmoi, containa 
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ca. 4% of the corresponding 1'R isomer) and triftuoroaoetfc add (24 2 aquivalenta) In sthand (1 mL) was 
refluxad under an argon atmosphere for 2 hours and 40 minutes. The resultant mlxturs consisting of 1'S-(cy- 
tosjne-1-y<)-4'R-<:flfteethoxytetahydrofuran and its 1' epimer was coded to room temperature and then was 
diluted wfth ethanol (0.5 mL). Sodium borohydride (16 mg, 3 equivalents) was introduced and the reaction mix- 

5 ture was sdrred for 1.5 houra. Mors redudng agent (6 mg) waa added and stirring was continued for another 
1 hour 20 minutes. The reaction was quenched by the addition of 2 drops of concentrated ammonium hydroxide 
followed by rigorous stirring for 15 minutes. The solvent was evaporated under reduced presaure and the cnide 
product obtained was subjected to cdumn chromatography (30% MeOH-EtOAc) to provide 28 mg (84%) of 
the title compound. The ^HNMR spectrum of this material indicated the presence of ca 3% of the corresponding 

10 VR isomer. This material was dissolved In a minimum amount of methand. Additfcan of diethyl ether to this sol- 
ution gsneratad 20 mg (60%) of the title compound as a crystalline white predpitate free of the VR Isomsr (^H 
NMR). The title compound displayed the following spectral characteristics: NMR (COsOD):^ 1.60-2.00 (m, 
3H), 2.25-2.43 (m. 1H), 3.59 (d of d, 1H, J*4.1 , 12.2 Hz), 3.78 (d of d, IK J-3.1, 12.2 Hz). 4.00-4.12 (m, 1H). 
5.78 (d, 1H, J=7.4 Hz). 5.92 (d of d, 1H, J»3.1, 8.7 Hz), 8.02 (d, 1H, Ja7.5 Hz). 

y5 

Example 6 

VR-{S-FLU0R0CVT0SIN-1-YL)-4'S-CARB0ETH0XYTETRAHYDR0FURAN AND rS-(5-FLU0R0CYTQ- 
SIH>1-YLM^S-CARBOETHOXYTETRAHYDROF0RAN 

20 



25 




To a stirred suspension of 5-fluorocytosine (1 92 mg, 1 .49 mmol) in dichlofomethane (2 mg containing 2,6- 
' 30 lutidine (346 \iL 2.98 mmd) under an argon atmosphere was added t-butyldbnethylstlyl trtfluoronrwthanesul- 
phonats 873 \iL 2.98 mmd). The resulting mlxturs was stirred for 15 minutes to ghre a homogeneous sdutlon. 
A sdutlon of a 2:1 mbcturs of 2S-carboetho}cy-5R-acetoxytetrahydrofuran and 2S-cart)oethoxy-5S-acetoxyte- 
trahydrofUran (250 mg, 1.24 mmd) In diditoromethane (2 mL) and lodotrfmethytalana (176 ^L, 1.24 mmd) waa 
sequenttalty introduced into the above sdutlon. The rsactkm was allowed to proceed at room temperature for 

39 1 hour and 30 minutee and then was quenched with a half-saturated sdution of NssSgP). The resulting mixture 
was stirred for 5 minutee and then was transtiBrred to a separatoiy ftjnnel. The a<^jeoua phase was removed, 
and the organic layer waa waahed with saturated NazSjO,, water, brine and then wee dried (Na2S04). The sol- 
vent was removed under reduced prssaure to provide the crude product which waa subjected to cdumn chro- 
matdbraphy (15% MeOH-EtOAc) to afford 199 mg (59%) of the title compounds as a mbrturs [7:1 (1'R,4'S):(1 'S. 

40 4'S) % 'H NMR). The product displayed the following spectral charactorlstica: 'H NMR (COCI3): 5 1.15-1.40 
(2 overlapping t 3HX 1.90-2.15 (m. 2H). i25-2.55 (m, 2H). 4.15-4.35 (m. 2H). 4.54 (m. 0.87 Hz). 4.82 (d of d, 
0.13H, J=4.4. 8.0 Hz), 5.7ML80 (unreedved m. 1H). 8.09 (m, 1H), 7.40 (d, 0.13H, J=6,7 Hz), 7.90-8.60 (un- 
fBsdved m. 1H). 8.46 (d. a67H. J«6.7 Hz). 

45 Example 7 

rS>(S-FLU0R0CYT0SIN-1-YLH'R-CARB0ETH0XYTETRAHYDR0FURAN AND rR-(5-FLU0R0CYT0- 
SIN-1-YL)-4'R-CARB0ETHOXVTETRAHYDR0FURAN 
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To a stirred suspension of 5-f!uorocytoslne (38 mg. 0.297 mmol) In dichloromethane (1 mL) containing 2.6- 
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lutidin* (69 mU 0.594 mmd) under an argon atmcspttar* was addad t-butyldlmethylailyl trffluoromatttanaaul- 
phonato (1 37 ^L, 0.594 nvnol). The resulting mixturs was atin^od for 1 5 minutes to give a homogeneous solution. 
A solution of a 5:4 mixture of 2R-cartx)elho)iy-5S-acetoxytetrehydrofuran and 2R-€artoettiQxy-5R-acetoxyte- 
trahydroAiran (SO mg, 0.248 nvnol) in diditoromethane (1 mL) and iodotrfmethytsiane (35 ^L, 0.248 mmol) waa 
sequentially introduced into the above solution. The rsacdon waa allowed to proceed at room temperature for 
1 hour and 45 minutes and then waa quenched with a half-saturated solution of NaaS^Oa. Ths resulting mtxture 
waa stirred for 5 minutee and then was tranafisfred to a separatory funnel. The aqueoue phase wss removed 
and the organic iayer was washed with saturated Na^SaOt. water, brine and then waa dried (Na2S04). The sol- 
vent was removed under reduced pressure to provide the cnjde product which waa aubiected to column chro- 
matography (15% MeOH-EtOAc) to afford 52 mg (77%) of the tide compounda as a 11:2 ((VR.4'R):(1'3,4'R)1 
mixture (^H NMR). The product displayed the following spectral characteriatica: NMR (CDCI,):5 1.15-1.40 
(2 overlapping t 3H), 1.90-2.10 (m, 2H), ^25-^60 (m, 2H), 4.15-4.35 (m, 2H), 4.57 (m, 0.85 Hz), 4.84 (d of d, 
0.15H. Ja4.2. 7.8 Hz). 5.50-a30 (unresolved m, 1H). 8.09 (m, 1H). 7.43 (d. 0.15H. J«8.7 Hz). 7.50-9.00 (un- 
resolved m, 1H), 8.58 (d, 0.85H. J=8.7 Hz). 

Example 8 

&-L-(5-FLUOROVy.3'-DIDEOXYCYTlDINE 



To a cold (0«C) stirred suspension of 1'R-(5.ftuorocytosln-1-ylH'R-«rt)oethoxytetrBhydroftiran and I'S- 
(5-fluorocytosin-1-yl)-4'R-cafboethoxytetrahydrofUran (307 mg, 1.133mmol, a4:1 (1'R,4'R)K1'S, 4'R) mixture 
of the isomers] In 4 mL of ethand waa added sodium borohydride (88 mg. 2 equhralenti). The reauttant mixture 
was stored for 5 minutes and the cooling bath waa removed. Stirring wee continued fbr 75 minutee at room 
temperature. The reacdon waa quenched by the addition of 4 drops of concentrated ammonium hydroxide. After 
the mbcture had been stirred fbr 15 minutee, the edvent was removed under reduced pressure and the oude 
product was subjected to column chromatography (25% MeOH-ElOAc) to provi* 1 97 mg (78%) of the expectr 
ed 4'-hydroxymethyl products aa a 4:1 mixture. One of the fhwtions collected was found to contain the title com- 
pound in 97% purity OH NMI^ This ftectlon was concentrated to gh« 14 mg of a light beige coloued foem. 
UV (X^: 282.7. 238.4, 206.7 nm (MeOH); talo-81» (c 0.7 l^^eOH); 'H NMR {CDfiO): 5 1.77-1.90 (nu 2H), 
1.90-Z03 (m. 1H). 2^5-2.42 (m, 1H), 3.81 (d of d, 1H, J»3.3. 12.3 Hz). 3.82 (d of d, 1H. J-2.8. 1Z3 Hz). 4.08 
(m'. 1H). 5.87 (m, 1 H), 8.32 (d. 1H. J-7.0 Hz). 

Example 9 

&-D^5-FLU0RO>-y.y-DIDEOXYCYnDINE 



To a cold (0»C) stirred suspension of l'R.(5-fluorocytosirv1.ylH'S-cartooelhoxytstrahydrofUrai>and I'S- 
(5-f!uofocytosin-1-yl>4'S.cat)oethoxytetrahydrofuran (199 mg, 0.734 mmd, a 7:1 (1'R.4'S):(rS. 4'S) mixture 
of the isomerel in 3 mL of ethanol was added sodium borohydride (58 mg. 2 equivalents). The reeultant mature 
was stirred for 5 minutee and the cooling batti was removed. Stirring was continued overnight (ca. 18 hours) 
at room temperatuia. The reaction waa quenched by the addition of 4 drape of concentrated ammonium hy- 
droxide. After the mixture has been stimd for 15 minutes, the so^ent was removed under reduced pressure 
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and tha cfuda product was aubJactBd to column chromatography (20% MEOH-EtOAc) to pravida 1 1 2 n>g (67%) 
of tha axpact6d4'-hydroxymamy« products aa a 7:1 (VM'S):(1'a4'S)nntxtiira (^H NMR). Onaof tha fractiona 
collactad waa found to contain tha titia compound only (H NMR). Thta firaction was concantratad in vacuo to 
giva 27 mg of a whita foam; UV Q^: 283.6. 23a2, 202.4 nm (MaOH); (alo^96« (c, 0.7 MaOH); NMR 

5 (COiOO): 8 1.77-1.90 (m. 2H). 1.90-^03 (m, 1H), 2.25-2.42 (m, 1H), 3.61 (d old, IH. J=3.3. 12.3 Hz), 3.82 (d 
of d. 1H. J32.8, 12.3 Hz), 4.06 (m, 1H), 5.87 (m. 1H). 8.32 (d, 1H, J=i7.0 Hz). 

Whila wa hava prasantad a numbar of ambodimants of our invantton, many attamativaa. modlflcationa and 
varlattona of thasa ambodimants wll ba apparant to thosa of ordlnanr afcil In tha art Tharafora. It will ba ap- 
pradatad that tha acopa of thia invantlon ia to ba dafinad by tha following dainw, rathar than tha tpaciflc ax- 

10 amptas prasantad abova. 



Ctalma 

f 5 1. A diaataraoaalacttva procaaa for producing optically activa da-nudaoaidaa and nudaoaida analoguaa and 
darivativaa of fbnnuta (I) 
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(I) 



wharaln 

25 Ri is hydrogan or acyl; 

Rs ia a daairad purina or pyrfmidlne baaa or an analogua or darlvativa tharaoft 
W ia 3. S*0. or SO3, 0, NZ. or CHi; 

X ia O. S, S»0, or SOj. O, NZ. CHj, CHF, CH, CHN3, or CHOH; 

Y is O, S. CHa, CH, CHF, or CHOH; and 
30 Z Is hydrogan, hydroxy!, alkyi or acyi; 

Pf«%vided that W is not 0. S« S^O or SO2 whan Y is CH^ and X la O, S. S«0 or SO^; 
tha procaaa ccmpriaing tha stap of glycosylating tha dasirad purina or pyrlmidlna basa or analogua or dar- 
ivadva tharaof with a singla anantiomar of tha compound of fonnula (il) 



If— ^» 



(II) 

X* 

wharain 

R3 ia a subatttutad cart)onyl or cartxtnyl darivativa; and 
Lia a leaving group, 
using a l.awia add of tha fomrtula (III) 

*8 
I* 

- Si - R3 (III) 



Re. R« and Rf are indapandantly salactad from tha group consisting of hydrogan; C,.ao a*kyl option- 
M ally substitutad by fluoro. bromo. chloro, lodo. C,^ aikoxy or C^, aryloxy; C?- 20 arallcyl optionally substi- 

tutad by hdogan. C, ^ aikyl or Ci.» aikoxy; C«.2d aiy* optionally subatitutad by ftuoro. bromo. cWoro, iodo, 
Ct-20 alkyI or C^to aikoxy; trialkylsayl; fluoro; brorrw; chloro and iodo; and 
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Re ia setactad from tha group consisting of fluoro; bromo; chtoro; iodo; C1.20 aulphonata astars, op- 
tionally subatttutad by nuoro, bronw, chloro or lodo; C1.20 alkyt aatafs optionally subatitutad by fluoro, bro- 
ma cNofO or iodo; polyvalant halidaa; triaubadtutad ailyt groupa of tha ganaral formula (Re)(RtXR7)Sl 
(wharain Rs, Ri, and R7 ara aa daflnad abova); saturatad or unaaturatad aalananyl 09.29 aryl: subatttutad 
or unaubatKutad CV20 arylauHianyl; subatitutad or unsubatitutad alkoxyalkyi; and trlaHcytsiloxy. 

2. Tha procasa according to daim 1 , fUrthar comprising tha stap of raducing R3 of tha glycoaylatad purlna 
or pyrimidina baaa or analogua or darrvrtiva tharof to produca tha optically activa c^nuclaoaida or nudao- 
stda analogua or darlvativa of fonnula (I). 

1. Tha procaaa according to daim 1 . fUrthar compriaing tha step of raadvlng tha compound of fonmula (II) 
into a singia anantiomar using a chiral auxiliary bafors glycoaylating tha daairad purina or pyrimidina basa. 

4. Tha procaaa according to any ona of claima 1 to 3, wharain Rj ia a pyrimidina beaa. 

5. Tha procasa according to daim 4, wharain tha pyrknidina baaa la cytoalna. 

d. Tha procasa according to daim 4, wharain tha pyrimidina baaa ia 5-fluorocytoatna. 

7. Tha procaaa according to any ona of daima 1 to 3, wharain tha Lawia acid ia adactad from tha group con- 
sisting of trimathylaUyl triflata and iodotir l mathyteflana. 

a. Tha procaaa according to daim 3, wharain tha chirai auxliary la aalactad Ihsm tha group consisting of (d)- 
manthol and (l)-mantiK)l. 

9. Tha procaaa according to any ona of dalma 1 to 3, wharain R3 ia aala ct ad from tha groi^ conaiating of 
alkoxycarbonyia. cartxucyla. diathy(cart>oxamkia, pyrrolidina amkia, mathyl katona and phanyl katona. 

1 0. Tha procasa according to daim 9. wharain tha R^ is salactad firom tha group consisting of alkoxycartXHiyla 
and carboxyla. 

i 1 , An intarfnadiata of formula (II) 



wharain 

\ WisO.S.S»0,S02,NZ,orCHa; 
\ X is O. 3, S«0, SO2, NZ, GHz CHF. CH, CHN,. or CHOH; 
Y to O, S. CHa, CH, CHF. or CHOH; 

Z is hydrogan, hydroxyl, allcyl or acy«; providad that whan Y ia CHj and X Is O, S, S-0 or SO,, W 
ianotO.S, S-OorSOi; 

R3 la a substftutad carbonyl or cartenyl dartvattva; and 
L ia a laaving group. 

12. An intarmadiata of formula (VI) 





(VI) 



wharain 



W is O, S, SsO. SOz, 1^ or CHj; 

X to O. S, S-O. S0^ N2, CHj, OHF, CH. CHN3, or CHOH; 
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Y is O. S. CHj. CH, CHF, or CHOH; 

Z ia hydrogen, hydroxyl, alkyl or acyl; provided that when Y ie CH2 and X ia 0, 3. S^O or SO}, W 
is not O. S. SsQ or SO^ 

Rs ia a substituted carbonyt or caftonyi dertvath/e; 
R4 ia a chiral auxiliaiy; and 
L ia a leaving group. 

13. An intermediate of formula (VII) 



W is 0, S. S«0, SO2. orCHi; 

X is O. S. S=0, SOj. NZ. CHa CHF, CH. CHN^ or CHOH; 

Y is O. S, CHa. CH. CHF, or CHOH; 

Z is hydrogen, hydroxyl, alkyf or acyl; provided that when Y ia CHa and X ia O, S, 3^ or SO2, W 
IsnotO. S. S=OorSOa; 

Ra ia a purine or pyrimidlne baae or an analogue or derivative thereof 
Rs is a substituted carbonyl or carbonyt derivative; and 
R4 is a chiral auxiliary. 

14. An intermediate of formula (VIII) 



wherein 

W is O, S. S«0, SOa. N2. or CHj; 

X is O. S, S-O, SOa. NZ, CHj CHF. CH, CHN3. or CHOH; 

Y ia O. S. CHa. CH, CHF. or CHOH; 

Z is hydrogen, hydroxyl, alkyl or acyl; provided that when Y ia CH, and X la O. S, S=0 or SO* W 
- isnotO. 3. SoOorSOa; 

Ra is a purine or pyrimidine baae or an analogue or derivative ttiereot and 
\ R3 ia a subatituted carbonyl or carbonyl derivative. 

19. An intermedlalB selected from ttie group oonslating oft 

ci8 and tana-2R-carboethoxy-5-hydroxytetnihydrofUrBn; 
cis and tnra-2S-carboethoxy-5-hydfOxytetrahydrofUfan; 
cia and (raA»-2R-carboetitoxy-5-acetoxytetrahydroAjran: 
ciB and emna-2S-carboethoxy-5-acetoxytetrahydrofUran; 
i '3-(N-4-acatylcytDain-1-yl)-4'R<arboetiioxytetrahydroAjran: 
1 'S-(cytoain-1-yl)^'R-carboethoxytetrahydrofuran; 

1'R-(5-fluofOcytosin-1-yi)-i'S-carboetiioxytetrahydrofuran and VS-<5-fluorocyt08in-1-yl)-4'S-ca^ 

boethoxytetrahydrofurw; and 

1'S-<5-fluorocytosin-1-yl)-4'R-carboethoxytetrahydn)furan and VR-(5«fhiorocytosin-1-yi)-4'R-car- 

boethoxytetrahydrofuran. 




(VII) 



wherein 




(VIII) 
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